contained the same components except enzyme. NANA in the reaction mixture was measured by the thiobarbituric acid method of Warren. 14) The calibration curves were obtained at each ethanol concentration by the same procedures as for the sialidase reaction. Figure 1 tion examined seem to be complicated. The decrease in Pmax depending on the ethanol concentration might be due to either shifting the equilibrium between free and bound forms of NANAto the bound one, or inhibition after the activation observed in the early period of the reaction. Especially at 70% ethanol, the latter effect might be predominant.
The same experiments were done in the presence of dimethylsulfoxide (DMSO) or polyethylene glycol 4000 (PEG) in place of ethanol. In either case, activation of the enzyme has not been observed. With the increase of the additive concentration in the reaction mixture, the t1/2 value increases, and the Pmax value decreases: while t1/2 is 33 + 1 min and Pmax is 12.5ug in the absence of the additives; at 50% DMSO, tl/2 is 80min, Pmax is 4/xg, and at 70%DMSO,production of NANAis not observed; at 20% PEG, t1/2 is 60min, and Pmax is 8//g, and at 50% PEG, no NANA is produced. From these lines of evidence, the activation shown in Fig. 1 is suggested to be brought about specifically by ethanol. Wealso examined the effects of ethanol in the same reaction system containing 0.2% taurodeoxycholic acid, but no influence of the detergent was observed. This suggests that the activation by ethanol is not raised by the change in solubility, if any, of the substrate ganglioside GM3.Next, we examined the effects of ethanol on the formation of NANA from NAN-lactose in the same procedures used for ganglioside GM3. There were observed almost no effects on the NANA production but with a slight increase in t1/2, as the ethanol concentration increases up to 20% (t1/2: 15 to 25min), but at 50%, no NANAis released.
To summarize the results obtained above, 50% ethanol activates the hydrolysis of ganglioside GM3 catalyzed by Clostridium perfringens sialidase by 15 times, but not that of NAN-lactose. This difference in the effects ofethanol must be due to the difference in the binding modes of the enzyme with the substrates, a glycolipid ganglioside GM3and a simple carbohydrate NAN-lactose. It is generally stated that the addition of small molecules such as ethanol to an amphiphilic solvent decrease the critical micellar concentration. 1 6) This suggests that the ganglioside GM3exists in micelles more in the presence ofethanol than in the absence. The hindrance of the ceramide tails inside the micelles could make the enzyme more accessible to the carbohydrate portion of the ganglioside. In the case of the ganglioside hydrolysis, the final level of NANAproduction becomes lower with the increase of ethanol in the reaction mixture, and at 50% and 70% ethanol, the reactions are stopped when 70% and 7.2% of total amounts of the substrate ganglioside are hydrolyzed, respectively. There is a possibility that the equilibrium of the reaction could be shifted preferably to the a-glycosidically linked side over the hydrolyzed side in the presence of ethanol in comparison with that in the absence of ethanol. This could be interesting not only from the standpoint of the structure and mechanismof this enzyme but also from that of the enzymatic synthesis of gangliosides. We are now investigating more deeply the effects of ethanol on the hydrolysis and synthesis of gangliosides catalyzed by sialidases.
